pISSN 2093-4777 eISSN 2093-6931
INTRODUCTION
Pudendal neuralgia (PN) is a painful neuropathic condition for which current prevalence is unknown due to often going underrecognized by gynecologists. PN typically presents as unilateral severe sharp and burning pain, numbness, or paranesthesia on the anatomic pathways of the pudendal nerve [1] . The most common causes for PN include pudendal nerve injury during vaginal procedures, stretching and compression of the pudendal nerve during vaginal delivery, and prolonged sitting position [2, 3] .
As in many neuropathic syndromes, there is currently no gold standard diagnostic test for assessing PN [4] . In 2006, the Nantes criteria were described by a multidisciplinary working party to describe the clinical diagnostic criteria, and a standard approach was created for PN diagnosis. According to the Nantes criteria, patients should fulfil all 5 essential criteria without meeting any of the exclusion criteria. The 5 essential diagnostic criteria were defined as, 1: pain in the anatomic territory of the pudendal nerve, 2: that is worsened by sitting, 3: the patient is not woken at night by the pain, 4: no objective sensory loss on clinical examination, and 5: positive anesthetic pudendal nerve block [5] .
Pudendal nerve infiltration (PNI), which was defined as an essential step, is performed for diagnostic purposes and as an important treatment modality in patients with PN [6] [7] [8] [9] [10] [11] . This approach aims for long-term relief of pain, as in all forms of nerve entrapment syndromes, by treating a possible inflammatory component, it also provides neuroprotection to the central nervous system and reduces spontaneous ectopic activity of the affected nerve [12, 13] .
Image-guided or finger-guided PNIs can be performed according to the experience of the physician, adequate equipment presence, and patient choice. Over the past 20 years, studies have described the PNI techniques [14] [15] [16] [17] [18] [19] [20] , but a limited number of studies have compared the efficacy of image-guided PNI techniques [21] . To the best of our knowledge, there are no studies comparing the finger-guided transvaginal PNI (TV-PNI) and ultrasound (US)-guided transgluteal PNI (TG-PNI) for the evaluation of pain relief in patients with PN. We hypothesized that the finger-guided TV technique is effective as USguided TG-PNI when performed to relieve pain in patients with PN. The primary outcome of the present study was to evaluate the changes of mean visual analogue scale (VAS) scores based on the mean daily maximum pain intensity score during the week before day 0 (D0), day 7 (D7), day 21 (D21), and day 180 (D180). Secondly, the postblock complication rate was evaluated in overall blocks. Secondary outcome included the comparison of the success rates of both 2 techniques (from D0 to D180).
MATERIALS AND METHODS
We confirm that the present study runs in concordance with the Declaration of Helsinki principles and the guidelines of the International Committee of Medical Journal. The study was approved by the ethics committee of Kocaeli University Hospital (registration number KÜ GOKAEK-2017/14.31 2017/294). The study was registered to www.ClinicalTrials.gov (Clinical Trial registration number: NCT03973983, date of trial registration: June 2, 2019).
Study Design and Patient Selection
This retrospective study was conducted with self-referred patients who underwent PNIs with for a therapeutic purpose in University of Health Sciences, Derince Training and Research Hospital between November 2016 and September 2017. The patients in the cohort were screened for possible inclusion in the study using inclusion and exclusion criteria. A total of 40 patients received a prediagnosis (according to the first 4 Nantes criteria) of unilateral PN by a senior neuropelveologist (AK). Informed consent was obtained from each patient before the treatment. Thirty-five of 40 patients (87.5%) had a 50% reduction in pain intensity while in the sitting position after the diagnostic PNI and fulfilled the 5 essential Nantes criteria. Following the first diagnosis of PN, the patients underwent PNIs for twice, 1 week apart, whether transvaginal or transgluteal according to the physician's decision or preference of the patient. We detected that 19 patients underwent finger-guided TV-PNI and 16 patients received US-guided TG-PNI. All patients' data were retrieved from both the hospital database and the patients' International Pelvic Pain Society assessment forms ( Fig. 1 ). In diagnostic PNI negativity, virgin and/or sexual inactive patients were excluded from the study.
Data Collection
The following parameters were analyzed in all patients: age, body mass index (BMI), duration of pain, past obstetric-gynecologic history, side of pain. The pain intensity was assessed through face-to-face interviews 4 times: before the treatment, at INJ Int Neurourol J December 31, 2019 1 week after the initial therapeutic block, at 3 weeks after the second therapeutic block, and 6 months after the treatment was completed. Pain intensity was evaluated based on 3 parameters: 1: pain in the region from the anus to the clitoris, 2: pain while sitting, 3: pain during/after intercourse. Postblock complications were evaluated: ecchymoses at the injection side, temporary foot drop, and numbness along the sciatic nerve distribution.
Pain intensity was evaluated using a 10-cm VAS system. Patients were asked to rate their pain from 0 = no pain to 10 = worst pain [22] . The PNIs were classified into 2 groups as successful and unsuccessful. Clinical success rates of the pudendal nerve blocks were analyzed individually for TG-PNI and TV-PNI based on 3 parameters previously mentioned (clinical success rate for the pain in the region from the anus to the clitoris, clinical success rate for pain while sitting, clinical success rate for pain during/after intercourse). Improvement of more than 50% of the initial pain at 6 months after the PNIs completed was considered as clinical success (D0 to D180) [11] .
Description of the PNI Techniques
Before the PNI procedures, standard 3-lead electrocardiogram, pulse oximetry, and noninvasive blood pressure monitors were applied, and venous access was established. All PNIs were conducted in the operating room without any anesthesia. In both groups, the patients received the same dose of a mixture of local anesthetic (8 mL of 0.5% bupivacaine and 2 mL of 8 mg dexamethasone) using a 20-gauge, 12-cm needle (Uniplex, Pajunk® GmbH, Geisingen, Germany). The function of a positive PNI was assessed 30 minutes after the block using sensory tests with both pinprick and alcohol swab tests.
US-Guided Transgluteal PNI Technique
The patients were placed in the prone position. The skin was cleaned with an aseptic technique using a 10% povidone-iodine solution and a transparent plastic sheath was used for sterile probe preparation. Scanning was performed under real-time US (HD 15 Philips, Bothell, WA, USA) with a 2-to 5-MHz curved array transducer. Scanning was performed in transverse planes in order to visualize the ischium forming the lateral border of the sciatic notch. The ischium appeared as a gradually lengthening hyperechoic line by moving the US probe in a cephalad-caudal direction and it was widest at the ischial spine level. The ischial spine was also verified with visualization of the pudendal artery, and the sacrospinous and sacrotuberous ligaments. The sacrospinous ligament appeared as a hyperechoic line in continuity with the ischial spine, with lower echogenicity than bone. Similarly, the sacrotuberous ligament was observed on US image as a light hyperechoic line deep to the gluteus maximus muscle and appeared parallel and superior to the sacrospinous ligament ( Fig. 2A ). At this level, color Doppler was used to localize the internal pudendal artery pulsations in close proximity to the ischial spine ( Fig. 2B ). Localization of the pudendal nerve was targeted in the plane between these 2 ligaments. Under US guidance, the needle was inserted from the medial aspect of the probe and advanced in line with the US probe to the medial aspect of the internal pudendal artery (Fig.  2C ). When the needle passed through the sacrotuberous ligament, a 'click' was usually felt and a small volume (1-2 mL) of dextrose 5% solution was administered to recognize the plane between the sacrotuberous and sacrospinous ligaments, and to accentuate the pudendal nerve appearance; the solution appeared as a hypoechoic collection. Afterwards, a mixture of local anesthetic was administered, and the sufficiency of local anesthetic spread around the nerve during injection was reassessed with US ( Fig. 2D ).
Finger-Guided Transvaginal PNI Technique
Patients were placed in the supine lithotomy position and the vaginal asepsis was provided using a 10% povidone-iodine solution. The sacrospinous ligament was palpated by the index and middle fingers for guiding the needle through the vagina. The needle was advanced over the same route with the other hand while still palpating the sacrospinous ligament ( Fig. 3 ). The needle was directed 10 mm posterior and medial to the ischial spine at a depth of 10 mm. The mixture of local anesthetic was applied following the negative aspiration test, which confirmed the absence of iatrogenic damage of the pudendal vessels.
Statistical Analysis
For statistical analysis, the chi-square test was used to compare categorical variables in the finger-guided-transvaginal and USguided PNI groups, and the Mann-Whitney U-test was used to compare the means in the same groups. Repeated-measures 2-way analysis of variance (ANOVA) within groups test was performed to analyze the change over time in VAS score measurements, which was repeated 4 times at different periods for each pain parameter (pain while sitting, pain in the region from the anus to the clitoris, and pain during/after intercourse) in the 2 groups. All analyses were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). Significance testing was 2-sided at an α of 0.05. A power analysis using the G power computer program indicated that the power of the study was 0.95 with a total sample of 35, alpha at 0.05, and medium effects using repeated-measures ANOVA within factors [23] . 
RESULTS
A total of 35 patients underwent unilateral PNI with a total of 70 injections; 16 patients underwent US-guided PNI, and 19 underwent finger-guided transvaginal PNI. Table 1 shows the detailed patient characteristics, obstetric history, VAS scores of the diagnostic PNI, and pain characteristics. No significant differences were observed between the patients in the 2 groups in terms of patient age, BMI, parity, type of delivery, and duration of pain and side of pain. The mean duration of pain was 56.4 weeks in the US-guided TG-PNI group and 61.5 weeks in the finger-guided TV-PNI group (P = 0.257). In both groups, all patients had pain relief while in the sitting position 30 minutes after the diagnostic PNI, and the mean VAS pain scores were 3.1 ± 2.0 and 3.3 ± 1.7, respectively (P = 0.935). Table 2 shows the change in mean VAS pain scores while sitting, in the region from the anus to the clitoris, and during/after intercourse over time. Although the change in mean VAS scores over time was greater in the finger-guided TV-PNI group than in the US-guided TG-PNI group, the difference was not statistically significant. The mean VAS pain scores in all 3 parameters (while sitting, in the region from the anus to the clitoris, and during/after intercourse) decreased significantly in both groups with time (P < 0.001 for all). The difference in VAS scores be- P-values are for baseline differences between the 2 groups at the 0.05 significance level. tween baseline and endpoint was found to be statistically significant in all 3 parameters in both block groups ( Fig. 4A-C) . The clinical success rates (greater than 50% reduction of pain) of pudendal nerve blocks for pain in the territory from the anus to the clitoris, for pain with sitting, and for pain while/after the intercourse at the 6th month after the blocks were completed (D180) is shown in Table 3 . In the US-guided TG-PNI group, the success rate was 68.5% (11 of 16) in both "pain in the sitting position" and "pain in the region from the anus to the clitoris. " The success rate of blocks in the US-guided TG-PNI group was 75% (12 of 16) in terms of pain during/after intercourse. In the finger-guided TV-PNI group, the success rate was 84.2% in both "pain in the sitting position" and "pain in the region from the anus to the clitoris. " The success rate of blocks in the fingerguided TV-PNI group was 89.5% (17 of 19) in terms of pain during/after intercourse. The global assessment of success rates of all pudendal nerve blocks (TV-PNI+TG-PNI) was 77.1% (27 of 35) in both "pain in the sitting position" and "pain in the region from the anus to the clitoris. " Also, the success rate of all pudendal nerve blocks (TV-PNI+TG-PNI) was 82.9% (28 of 35) in terms of pain during/after intercourse. There was no statistically significant difference between the TV-PNI and TG-PNI groups in the success rates of blocks in terms of pain in the region from the anus to the clitoris, pain in the sitting position, and pain during/after intercourse (P > 0.05 for all).
Temporary foot drop and numbness along the sciatic nerve 
DISCUSSION
The main finding of this study was the US-guided TG-PNI technique was not superior to the finger-guided TV-PNI in terms of clinical success. These 2 techniques were also similar with regards to PNI related complications. As in any of neuropathic pain, pharmacologic agents (nonsteroidal anti-inflammatory medications, gabapentin, pregabalin, tricyclic antidepressants, and muscle relaxants) and physical therapy may be beneficial as a curative option. When these treatment modalities fail, PNI should be considered for providing diagnostic information as well as pain relief as a minimally invasive, nonsurgical therapeutic option [24] . The pudendal nerve is situated in the deepest area in the pelvis and it makes the PNI technically difficult if transperineal or transgluteal approaches are preferred. For this reason, it usually requires imaging guidance to target the injection site such as US [14, 25] , computed tomography (CT) [26, 27] , fluoroscopy [21, 28] , and magnetic resonance [15] .
US-guided TG-PNI has been described to reach the pudendal nerve in the plane between the sacrotuberous and sacrospinous ligaments. This technique has many advantages such as visualization of the substantial structures (pudendal artery and the sciatic nerve) without radiation exposure it enables realtime images [16] . However, finger-guided TV-PNI should be kept in mind as a PNI option with the advantages of familiarity for gynecologists and obstetricians as an essential part of obstetric anesthesia [29] . Finger-guided blocks in women are easily performed via a vaginal approach by palpation the ischial spines and the injection is targeted slightly medially and posteriorly to the ischial spines [30] . In literature, there are no reports comparing transvaginal and US-guidance approaches in pain relief procedures. Using a transvaginal approach for performing PNI is well-known by gynecologists, even though this technique is usually ignored by algologists, physical medicine, and interventional radiologists.
A clear understanding of the pudendal nerve anatomy is crucial for diagnosis and achieving a satisfactory response to PNI. The pudendal nerve runs in an anatomic plane formed by the sacrospinous and sacrotuberous ligament, after that it travels in a ventrocaudal direction to enter the perineal region [31, 32] . The sacrospinous ligament can be palpated during pelvic examinations and painful points can give clues for determining the pudendal nerve entrapment area. Finger-guided transvaginal blocks are easily performed and a preferable way for gynecologists via a vaginal approach, similar to the pudendal nerve block performed during obstetric anesthesia. Additionally, it can be applied at the same session during pelvic examinations in an office setting [33] . Moreover, US-guided pudendal nerve blocks can allow identification of the ischial spine, and sacrospinous and sacrotuberous ligaments. It can be performed transgluteally; the pudendal vessels are identified using Doppler imaging and the injection is placed targeting the area of the pudendal nerve [14] . The advantages of US are related that it is a reproducible approach, real-time visualization of spreading of the injected solution and ionizing radiation is not utilized [20, 34] . Nonetheless, the difficulty in visualizing the pudendal nerve and need of an experienced radiologist are disadvantages of the US-guided technique. Gruber et al. [17] reported that pudendal nerves were visualized just less than half of all cases using a convex US probe. In our experience, visualization of the pudendal nerve using US is generally difficult because it is situated deep within the body and surrounded by fatty tissue, in addition to having anatomic variants.
Although, PNI is commonly used for diagnostic purposes [11, 35] , it may also be performed as a therapeutic procedure in patients with refractory PN [6] . According to our study, it was observed that patients who underwent pudendal nerve block had significant pain relief for a long period in both groups. At the 6th month follow-up visits, the VAS scores increased slightly, but did not reach the baseline pain scores for all 3 parameters (pain with sitting, regional pain, pain during/after intercourse). In the present study, the success rates for the overall sample was 77.1% pain relief in the sitting position, 77.1% for regional pain relief from the anus to the clitoris, and 82.9% for pain relief during/after intercourse. In the US-guided TG-PNI group, one patient whose VAS pain score increased above 7 points at 6th month was treated successfully with a botulinum toxin injection. The mean change of VAS scores baseline to endpoint was higher in the TV-PNI group. We think that some of the pain was produced by superficial pelvic floor muscle spasm innervated by the pudendal nerve and TV-PNI also provides relaxation to these muscles. Similar to our results, Fanucci et al. [9] showed an improvement in pain intensity in 92.6% of patients using CT-guided PNI at the 6-month follow-up. Another previous study reported the efficacy of the CT-guided technique with a mean VAS score of 3.2 at the 6-month follow-up [6] . However, the CT-guided technique requires a radiologic facility and an experienced radiologist, and it exposes the patient to radiation.
In the literature, there is no current consensus about PNI protocols and treatment intervals. In most injection protocols a series of 3 injections are performed 2 to 6 weeks apart [9, 15] . As described in other neuropathic pain conditions, memory effect is an important mechanism in the development of PN, and based on our clinical experience, PNI is effective if it is repeated twice at 1-week intervals. In a recent prospective trial, the pain improvement rate of patients was assessed at 3 months after infiltration in a single block using local anesthesia and 26% of patients had improved results [11] . Fanucci et al. [9] reported that 78% of patients had significant pain relief 24 hours after the injection with a clinical efficacy of 92% at 12 months with repeat-
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Int Neurourol J December 31, 2019 ed regimens. Thoumas et al. [36] reported on 200 infiltrations with repeated injections but they failed to describe the final outcome in terms of pain relief. McDonald and Spigos [37] achieved an improvement of symptoms in 75% of a small sample of patients treated with 5 infiltrations repeated once a month. In our study, the mean VAS scores in all 3 parameters (while sitting, regional pain, and pain during/after intercourse) significantly decreased in both groups with time (P < 0.001 for all) after the first and second PNI. The differences in the results are confusing but may be explained by differences in the techniques performed (type of steroid and local anesthetics injected, repeated dose intervals). Nevertheless, transvaginal nerve block did not demonstrate superiority over the transgluteal technique in none of the 3 parameters (while sitting, regional pain, and pain during/after intercourse) (P > 0.05), but the transvaginal route could be preferable for gynecologists because of familiarity with vaginal procedures.
There is no research in the literature comparing the response in patients with painful sexual intercourse to pudendal nerve block treatment. Although pain during/after intercourse is not an essential criterion for PN, we demonstrated excellent improvement in VAS scores. We think that pain is mostly localized on the sacrospinous ligament during penile penetration and it creates an effect like the Tinel sign depending on the pressure, and triggers pain in the hours following intercourse.
There were no significant complications in either of the 2 groups. Temporary adverse effects following nerve blocks occurred in 8 patients with reports of temporary foot drop and numbness along the sciatic nerve distribution. This complication occurred in the 5 of the 32 blocks of US-guided TG-PNI group, and 3 of the 38 blocks in the finger-guided TV-PNI group. Fanucci et al. [9] reported transient block of the sciatic nerve in 40% of patients using CT-guidance. Needle placement under US guidance may reveal a lateral spread of injectate toward the sciatic nerve. Due to the use of the pudendal artery as a landmark, the inferior gluteal artery sometimes looks like the pudendal artery and this may result in sciatic nerve block.
The strengths of our study are the well-established standardization of the patients, and excellent postblock follow-up according to the neuropelveologic concept by a senior experienced physician. This study reflects our clinical preliminary results in PNI with 2 different techniques; long-term follow-up results will be introduced in the future.
There are several limitations to this study. However, the most significant limitation of this study was the lack of randomiza-tion because of the retrospective design. We tried to overcome this disadvantage by limiting confounding factors between the 2 groups. In the TV-PNI group, the change in mean VAS scores over time was more than the US-guided TG-PNI group, but this difference did not reach conventional levels of statistical significance. We think that this is the result of having a relatively small sample size in both groups. Finally, randomized, controlled, blind studies are necessary to elaborate on the comparison of the efficacy and safety of the approaches, as well as the timing of repeat-dose regimens of these approaches.
In conclusion, TV-PNI may be an alternative to US-guidance technique as a safe, simple, effective approach in pudendal nerve blocks.
